with a favourable resistance score also showed a better immunological response, as measured by median CD4 cell count of 391/µl [interquartal range (IQR) Abstract To evaluate the treatment outcome of antiretroviral therapy, depending on the use and utility of a concept of resistance-guided switch, patients from the Frankfurt HIV cohort have been followed for 24 weeks. If available, prior resistance data have been evaluated and patients were grouped into their expected viral response. The data of 354 patients were thus analysed, taking into account the genotypic sensitivity score of the administered medication (> or ≤2). When looking at the proportion of patients who achieved a viral load of <50/ml, the response rates differed significantly better for patients with a favourable resistance scoring as compared to an unfavourable one (71.9 % as compared to 56.0 %, p = 0.008). Interestingly, patients
Introduction
Combination antiretroviral therapy (cART) is the standard of care for HIV-infected patients today, as it significantly reduces morbidity and mortality [1] , but HIV-1 resistance may challenge the therapeutic benefit for affected patients significantly. Thus, in case of virological failure, antiretroviral therapy switch should be guided by antiretroviral drug resistance analysis results.
The introduction of new agents and even drug classes (e.g. integrase inhibitors, co-receptor antagonists) was major achievement for salvage therapies. Second-generation non-nucleoside reverse transcriptase inhibitors (NNRTI) and more potent protease inhibitors (PI), as well as entry inhibitors and integrase inhibitors, all available just around 2008 could successfully be used [2, 3] . Even newer antiretroviral drug classes could overcome existing antiretroviral drug class resistance, as demonstrated by the MOTIVATE studies for maraviroc in use for salvage therapy patients [4, 5] . However, even compounds from new antiretroviral drug classes could be affected by unknown, archived pre-existing backbone resistance, in particular for compounds characterized by a low barrier for resistance, such as raltegravir, e.g. demonstrated in the SWITCHMRK studies [6] .
The consequences of recent developments were to attempt complete suppression of HIV-1 replication (<50 copies/ml) for all patients again, even for the extensively treatment experienced. From a clinical perspective, however, the limit of 200 copies/ml might be acceptable, especially for patients treated with PI containing regimens.
Virological and immunological response data on Frankfurt HIV cohort patients could allow evaluation of the treatment outcome, depending on the use and utility of a concept of resistance-guided switch for antiretroviral therapy in extensively treatment experienced patients as described elsewhere [7] . The additional purpose of this study was to explore the effect of different levels of viral replication on immunological outcome and CD4 cell evolution, respectively, and to determine risk factors for clinical nonresponse after antiretroviral therapy switch.
Patients and methods
The Frankfurt HIV cohort includes 3,660 patients who have been followed since 1987. For this analysis, patients were included who had a change or an initiation of their therapeutic regimen after 1 July 2003, and who had an available resistance test as well as available baseline-week 4, 12 and 24 viral load and CD4 cell count results (n = 778). Of these patients, those were chosen who were at least 18 weeks on therapy, had available laboratory results and had not had a treatment interruption (n = 354). The details of patient selection are displayed in Fig. 1 .
The study was approved by local ethics committee and the data protection officer from the federal state of Hessen. Patients had given their written informed consent prior to inclusion (Vote-No. 270109/Frankfurt University Hospital Ethics Committee). All patients are treated in accordance with the Declaration of Helsinki and National and Institutional Standards.
Quantitative viral load was measured by HIV-1 ribonucleic acid (RNA)-polymerase chain reaction (PCR), consistently using the COBAS AMPLICOR HIV-1 MONITOR Test v1.5 (Roche Diagnostics, Mannheim, Germany). Genotypic resistance analysis was done using the ViroSeq™ HIV-1 Genotypic System version 2 (Abbott, Wiesbaden, Germany) for patients with a detectable viral load at more than 500 copies/ml, as described elsewhere [8] .
According to prior resistance test result, all patients were assigned to groups of expected complete response(eCR), or expected impaired/partial response (ePR), taking into account the genotypic sensitivity score (GSS) for the administered medication (> or ≤2), according to HIV-GRADE assessment [9] , with a minor, but practically useful modification, introducing a binary system for each chosen drug: "limited susceptibility", "intermediate" or "resistance" assessment were counted by zero score points, whereas "susceptible" virus was counted by one point. The total score point sum for the selected antiretroviral regimen combination determined for expected impaired response (ePR, if > 2 points), or expected complete response (eCR, if ≤ 2), respectively. Consequently, patients were evaluated for actual week 24 (W24)-virological response, namely achieving full suppression (complete responder/CR < 50 copies/ml). As statistical tests, we used for group comparisons of metric parameters, including immunological and virological results, the Wilcoxon-Mann-Whitney U test and Kruskal-Wallis test with post hoc correction for significance according to Bonferroni-Holm; demographical characteristics were evaluated by chi-squared or Fisher's . A case-control study was performed to compare patients in both groups as well as virus characteristics by univariate and multivariate statistics, including regression analysis, to identify reasons for non-response. Table 1 shows the baseline characteristics of all patients (n = 354) in the analysis as well as for the eCR (n = 263) and ePR (n = 91) strata. The overall median age was at 44 years with 78.2 % of male patients in the cohort. The median CD4 cell count was 250/µl (range 1-1,055), and 31.9 % of patients were in CDC stage C at baseline.
Results
There were some significant differences between eCR and ePR patients at baseline. ePR patients had significantly lower baseline virus loads and were longer on ART. Also, they had gone through more regimens and antiretroviral drugs. For the eCR patients, the proportion of naïve patients was significantly higher and patients were less frequently in CDC stage C. The reason for therapeutic change was more often virological failure for ePR group. There was, however, no significant difference in the median CD4 cell count between the groups. The virological response rates for all patients at week 24 were at 67.8 % when taking a virus load lower than 50/ ml as response criterion. Figure 2 shows the median virus loads, interquartal and total ranges at baseline, week 4, 12 and 24 for the ePR and eCR groups in comparison. It becomes evident that the median virus load is higher at baseline for eCR patients. Despite a higher baseline viral load, the success of HIV-1 suppression was better in eCR patients. When looking at the proportion of patients who achieved a viral load of less than 50/ml, i.e. patients considered as actual complete responders (CR), the response rates differed significantly between patients with a previously "expected partial response" (ePR patients: 51 of 91, or 56.0 %) as compared to individuals with previously "expected complete response" (eCR patients: 189 of 263, or 71.9 %, p = 0.008). At weeks 4 and 12, the median viral loads were even lower for ePR patients, which can, however, be explained by the lower baseline viral load.
The results for the immunological response over time are displayed in Fig. 3 . The median CD4 cell count at baseline was equal between the two groups. Not only did the patient with eCR achieve a better virological, but also a better immunological response when looking at the higher CD4 cell counts throughout weeks 4, 12 and 24. At week 24, patients with an eCR had a median CD4 cell count of 391/µl (IQR 250-530/µl) against 287/µl (IQR 174-449/µl) in the ePR group, which resulted in an increase (Δ) of +38/µl in the ePR and +141/µl in the eCR group.
A logistic regression analysis was performed in order to identify clinical risk factors for virological non-response. Factors that showed a significant association with virological non-response in the univariate regression analysis were a longer median time on cART at baseline (p = 0.021), a higher prior number of combination regimen (p = 0.002), a higher drug exposure of individuals (p = 0.001), and finally a history of a clinical B or C CDC defining event at baseline (p = 0.009). In the multivariate model, a favourable resistance score, clinical CDC category B/C and previous virological failure remained the significantly associated factors for viral response (see Table 2 ).
Discussion
In this real-life cohort analysis, we examined the virological and immunological outcome of patients from a large treatment cohort who underwent resistance-guided HIV therapy modification after July 2003. This date was marked by the availability of enfuvirtide (T20) and was chosen to investigate its recent strategic value. For each individual's resistance test, a GSS was assessed and subjects were grouped into those with expected complete response and expected partial response (eCR and ePR), respectively. We were able to demonstrate that the resistance-guided switch in antiretroviral therapy was significantly associated not only with viral, but also with immunological response. In fact, the GSS result was one of the three factors remaining significantly associated with virological response, along with prior resistance and CDC stage-and this was not surprisingly for treating physicians (see Table 1 , reason for therapeutic change: virological failure).
The cost effectiveness of this time-and resource consuming standard of switching antiretroviral therapy in case of a virological failure, following resistance analysis, was questioned and recently challenged by the advent of new antiretroviral drugs and classes with limited cross-resistance to pre-existing drugs. The proposed strategy in case of a virological failure was to combine only new drugs and classes, taking into account possible pre-existing resistance by avoiding the clinically failing regimen components and their possible spectrum of drug cross-resistance. Our results, however, reconfirm for the present era the importance of the established standard of resistance-guided antiretroviral therapy modification and again underscore the importance for the outcome of the affected patients. This study has the typical limitations of a retrospective design. As this was not a randomized trial, the ePR/eCR groups are not equally balanced, particularly with respect to the baseline virus load. However, the median baseline virus load was higher for eCR patients who responded more favourably and not vice versa.
Despite the limitations of this study, the results are in compliance with similar previous studies [7, 10] . A study on 153 patients with virological failure showed a better outcome if the new drug regimen was selected based on sensitivity assessment [11] . Concerning therapy-naïve patients, there were large cohorts that have shown similar superiority of initial antiretroviral combinations with regard to transmitted drug resistance [12] . The prevalence of transmitted drug resistance was at 12 % in the region in which our study was performed [13, 14] . Interestingly, our data could moreover demonstrate that patients who were switched to an improved ART regimen with a favourable resistance score had a better immunological outcome than those with an unfavourable one. This is of note, as there are large studies, that have found that the immunological outcome is similar as long as the degree of viral suppression is below 500 copies/ml [15, 16] or 10,000 copies/ml [17] , respectively. Although the degree of viral suppression was not correlated with the CD4 cell count response in these studies, the existence of primary antiretroviral resistance could be shown to be associated with a worse 6-month CD4 cell count increase in a large study of 504 participants [18] . Our findings do suggest that the application of drug resistance-guided therapies lead to a better suppression of HIV-1 replication and improved immunological recovery.
Taken together, the results from our study suggest that resistance-guided selection of therapies do still confer an advantage nowadays, paying off in virological and immunological benefit for concerned patients, as this was demonstrated for the statistical group outcome parameters. These strategies should be applied individually wherever possible.
